The relationship between accommodative lag and annual myopia progression was investigated using linear models in 592 myopic children wearing a full refractive correction in the Collaborative Longitudinal Evaluation of Ethnicity and Refractive Error (CLEERE) Study. The mean (± SD) age and spherical equivalent refractive error at baseline were 10.4 ± 1.8 years and À2.13 ± 1.24 D, respectively. The mean annual progression of myopia was À0.45 ± 0.32 D, and the mean accommodative lag (for a 4-D Badal stimulus) was 1.59 ± 0.63 D. Neither lag at the beginning nor at the end of a yearly progression interval was associated with annual myopia progression (all p P 0.12). These data suggest that foveal hyperopic retinal blur during near viewing may not drive juvenile-onset myopia progression.
Introduction
The ability of optical defocus to control eye growth is supported by animal studies in which positive and negative lenses predictably influence axial elongation (Irving, Sivak, & Callender, 1992; Norton, Siegwart, & Amedo, 2006; Schaeffel, Glasser, & Howland, 1988; Smith & Hung, 1999; Wildsoet & Wallman, 1995) . Hyperopic retinal blur due to a high lag of accommodation during near viewing activities has been proposed as a cause of juvenile-onset myopia progression in humans (Charman, 1999; Goss, Hampton, & Wickham, 1988; Goss & Rainey, 1999) . Reports disagree about whether accommodative lag is elevated before the onset of juvenile myopia. Gwiazda et al. reported elevated lag in pre-myopic children 2 years before myopia onset (Gwiazda, Thorn, & Held, 2005) . Conversely, data from the Collaborative Longitudinal Evaluation of Ethnicity and Refractive Error (CLEERE) Study indicated that accommodative lag in pre-myopic children is not elevated until the year after the onset of myopia (Mutti et al., 2006) . A study of young adults who became myopic reported lower accommodative lag both before and after the onset of myopia compared to those who were either emmetropic or already myopic (Rosenfield, Desai, & Portello, 2002) . While there is no consensus regarding accommodative lag prior to the onset of myopia, the literature clearly indicates that myopic adults and children have an elevated accommodative lag (Abbott, Schmid, & Strang, 1998; Bullimore, Gilmartin, & Royston, 1992; Gwiazda, Thorn, Bauer, & Held, 1993; McBrien & Millodot, 1986) . A correlation has also been reported between myopia progression in children and a decrease in the area under the curve of the accommodative response function (Gwiazda, Bauer, Thorn, & Held, 1995) .
While the CLEERE Study reported that accommodative lag was elevated in myopic children, if did not evaluate whether this elevated lag of accommodation was also related to the annual rate of myopia progression (Mutti et al., 2006) . The hypothesis for a relationship between accommodative lag and myopia progression is that the higher the level of hyperopic defocus from greater accommodative lag, the faster the rate of myopia progression (Irving, Callender, & Sivak, 1991) . Studies of the association between accommodative lag and myopia progression conflict; one reports no association in children (Weizhong, Zhikuan, Wen, Xiang, & Jian, 2008) , one reports that elevated accommodative lag is associated with myopia progression in adults (Allen & O'Leary, 2006) , and another reports that lower accommodative lag is associated with myopia progression in adults (Rosenfield et al., 2002) . Differences in age, measurement methods, and accommodative demand levels among these three studies make comparisons problematic. The effects of the differences in population and/or study design are unknown. The purpose of this paper is to investigate the relationship between the degree of accommodative lag and the rate of juvenile-onset myopia progression in the large, ethnically diverse sample of children wearing refractive corrections enrolled in the CLEERE Study.
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Methods
The CLEERE Study is a US-based, longitudinal cohort study following school-aged children at multiple sites and is an extension of the Orinda Longitudinal Study of Myopia (OLSM). The project began in 1989 in Orinda, CA, a predominantly white community. To expand ethnic representation, four sites were added that targeted specific ethnic groups: Eutaw, Alabama (African Americans); Irvine, California (Asians); Houston, Texas (Hispanics); and Tucson, Arizona (Native Americans). The CLEERE study measured the development of ocular components annually and examined risk factors for prevalent and incident myopia. The Institutional Review Board at each institution (The Ohio State University; the University of California, Berkeley; the University of Alabama at Birmingham; the Southern California College of Optometry; the University of Houston; and the University of Arizona) reviewed and approved the study protocol and informed consent documents according to the tenets of the Declaration of Helsinki. Written informed consent was provided by children's parents, and verbal assent was obtained from children before they were tested.
Accommodative response while wearing full refractive correction was measured annually in myopic children wearing refractive correction in US grades 1-8 (typically 6-14 years of age) between 1995 and 2005. Refractive error was also measured annually. Myopia was defined as À0.75 D or more myopia in each meridian as measured by cycloplegic autorefraction. In the CLEERE Study, accommodation was measured while the child wore a full refractive correction only if the child wore his or her own correction to the visit. If a child did not wear his or her own correction to a visit, accommodation was measured without refractive correction at that visit. Because the accommodative demand while viewing the same target is not equal for a fully corrected myope versus an uncorrected myope, only accommodative lag measurements collected when the child wore refractive correction to the visit have been included in this dataset. To be included in this analysis, children had to have at least two consecutive annual myopic study visits (so that an annual progression rate could be calculated) and have at least one accommodative lag measurement with a temporally-linked myopia progression rate. A total of 592 children were eligible for inclusion in the analyses.
Accommodative response was measured monocularly (right eye) with a 4-D Badal letter stimulus using methods described in detail previously (Mutti, Jones, Moeschberger, & Zadnik, 2000; Mutti et al., 2006) . The accommodative stimulus was a 4 by 4 grid of letters with each letter and the space between letters subtending 38.75 min of arc (20/155 equivalent) with luminance of 30-50 cd/m 2 . Children were continuously instructed to keep the letters clear during the measurement. Letters of this size were chosen because they represent a size typical of text in children's books. Letters similar in size have been shown previously to detect the expected differences in accommodative response between emmetropic and myopic children (Gwiazda et al., 1993) . The 4-D Badal stimulus detects significant differences in accommodative lag between emmetropic and myopic children and detects changes in accommodative lag associated with the onset of myopia in children (Mutti et al., 2006) . The left eye was occluded by an infrared filter during the accommodative measurements. The accommodation value for each visit was the mean of five measurements. To determine the full refractive correction used for accommodative testing for spectacle wearers, at least five autorefractor readings were taken made of the right eye after removing the child's spectacles; a minimum of three readings was acceptable for younger children (6-7 years old) because of their reduced attention span. Accommodation was relaxed for the measurement of distance refractive error by moving the target on a Badal lens track away from the child's eye until the child reported sustained blur. Either the Canon R-1 autorefractor (1995) (1996) (1997) (1998) (1999) (2000) ; Canon USA, Lake Success, NY; no longer manufactured) or the Grand Seiko WR-5100K autorefractor (2001) (2002) (2003) (2004) (2005) ; Grand Seiko Co., Hiroshima, Japan was used). Both the Canon R-1 autorefractor (Zadnik, Mutti, & Adams, 1992) and the Grand Seiko WR-5100K autorefractor (Choong, Chen, & Goh, 2006) have been previously validated. The sphere and, if necessary, the cylindrical trial lens correction were placed in a trial clip over the right eye when measuring accommodative response. The trial lens correction was modified as needed to keep the overrefraction at the 0-D stimulus level within ±0.50 D for sphere and À1.00 D or less for cylinder. The stimulus levels and trial lens values were adjusted for lens effectivity (Mutti et al., 2000) . Children wearing contact lenses wore their contact lenses for testing, and the overrefraction requirements described above were followed.
Accommodative lag values were statistically corrected for the minor difference due to the change in autorefractor in 2001 described previously (Mutti et al., 2006) . A correction factor was applied for each study site that was determined by fitting a linear model of lag as a function of age for each emmetropic child in the CLEERE dataset with lag data measured on both the Canon autorefractor before 2001 and the Grand Seiko in 2001 or later. The intercept of the line, but not the slope of the line, was allowed to change for study years before 2001. The site-specific correction was applied to all lag data measured with the Canon autorefractor at that site. This correction is the estimated change in lag measurements due to the change in autorefractors. Emmetropic children in the CLEERE dataset were used to estimate the change in lag due to the change in autorefractor because emmetropic children both in the CLEERE dataset (Mutti et al., 2006) and elsewhere (Gwiazda et al., 2005) have been shown to have a consistent level of lag.
Refractive error measurements were made using cycloplegic autorefraction (either the Canon R-1 [1995] [1996] [1997] [1998] [1999] [2000] or the Grand Seiko WR-5100K [2001] [2002] [2003] [2004] [2005] autorefractor) while the child fixated a reduced Snellen target on a Badal lens track. If children had an iris color grade of one or two (Seddon, Sahagian, Glynn, Sperduto, & Gragoudas, 1990) , they were tested 30 min after instilling one drop of 0.5% proparacaine and two drops of 1% tropicamide. If children had an iris color grade darker than grade two, they were tested 30 min after instilling one drop or 0.5% proparacaine, one drop of 1% tropicamide, and one drop of 1% cyclopentolate (Kleinstein, Mutti, Manny, Shin, & Zadnik, 1999) . Using a standardized protocol, ten autorefractor measurements were made (Zadnik, Mutti, Friedman, & Adams, 1993) . Myopia progression was defined as the annual change in cycloplegic, spherical equivalent refractive error, where the child's refractive error in the prior year was subtracted from the present year's value, making progression negative in sign.
Two definitions of accommodative lag were considered. ''Lag Before'' was defined as the accommodative lag at the beginning of each yearly interval. ''Lag After'' was defined as the accommodative lag at the end of each yearly interval. Because foveal hyperopic retinal blur is a frequently cited explanation for an association between accommodative lag and axial elongation in juvenile-onset myopia progression (Charman, 1999; Gilmartin, 2004; Goss & Rainey, 1999; Goss et al., 1988; Gwiazda et al., 1995) , the ''Lag Before'' variable is arguably the most appropriate accommodative lag definition and was chosen as the independent variable for the primary analysis. Table 1 shows the number of years of progression data that were contributed by myopic children wearing refractive correction for each of these two definitions of accommodative lag.
Near phoria was measured in prism diopters (pd) using an alternate cover test with prism neutralization. During near phoria testing the child viewed an accommodative target (small letter) held at 40 cm. Cover testing was performed with the correction that the child wore to the CLEERE examination visit.
Near work was assessed using an annual survey that was completed by each child's parents, as previously described Mutti, Mitchell, Moeschberger, Jones, & Zadnik, 2002) . The survey asked, ''During the school year, how many hours per week (outside of regular school hours) would you estimate this child performs the following activities?'' The parent was asked to provide an answer for the following tasks: ''Studies or reads for school assignments; reads for fun (pleasure); watches television; uses a computer/plays video games; and engages in outdoor and/or sports activities.'' A composite variable (diopter hours) was calculated that weights near activities by their accommodative effort. Diopter hours was calculated as follows: 3 Â (hours studying + hours reading for pleasure) + 2 Â (video/computer hours) + (hours watching television).
Multilevel, repeated-measures linear regression models were fitted to determine the effect of accommodative lag on the annual refractive error change (SAS, version 9.1; SAS Institute, Cary, NC). Covariates evaluated in the models were age, gender, ethnicity, study site, near phoria, near work, and a factor to indicate annual myopia progression data that were measured during the transition between autorefractor models.
Results
Of the 592 children in the analyses, 500 contributed data to both the ''Lag Before'' and the ''Lag After'' models, 20 contributed data only to the ''Lag Before'' model, and 72 contributed data only to the ''Lag After'' model. The racial and gender distributions of the 592 children are shown in Table 2 . More observations were available for the ''Lag After'' model than for the ''Lag Before'' model, and incident myopic children are one reason for the greater number of observations in the ''Lag After'' model. It was not uncommon for incident myopic children to not yet have correction. After being identified as myopic at a visit, many children subsequently received their first spectacle correction and wore that correction to the next annual visit. In this case, there was a spectacle-corrected ''Lag After'' value to associate with the year of progression, but no corrected ''Lag Before'' value, because the child had not yet been prescribed glasses. Additionally, annual accommodative lag measures were first made in 1996; therefore, myopic children with progression data available from 1995 to 1996 did not have a ''Lag Before'' value available.
At the first myopic study visit that was included in this analysis, the mean age (± SD) was 10.4 ± 1.8 years (range: 6.2-15.2 years), near phoria was 0.8 pd exophoria ± 5.9 pd, and mean spherical equivalent refractive error was À2.13 ± 1.24 D (range: À0.80 to À8.76 D). Fig. 1 displays a histogram of spherical equivalent refractive error at the beginning of each yearly progression interval for all observations. Almost 60% of the observations are for a spherical equivalent refractive error that is less myopic than À2.75 D, thus a substantial proportion of children with low myopia remains in the sample despite the requirement that children wore refractive correction to be included in the analysis.
Using the ''Lag Before'' definition of accommodative lag, 520 children contributed data at 1141 observations. Their mean annual change in myopia (± SD) was À0.42 ± 0.34 D, and their mean lag of accommodation (± SD) was 1.64 ± 0.67 D (range: lead of À0.56 D to lag of 4.25 D; Fig. 2 ). ''Lag Before'' was not associated with annual myopia progression (b = 0.002; p = 0.91; 95% CI: À0.032 to 0.036). Fig. 3 shows box plots indicating the lack of association between the annual amount of progression and the amount of accommodative lag at the beginning of a one-year progression interval.
In the ''Lag Before'' model, older age was marginally associated with a slightly decreased annual change in myopia (b = 0.044 D less myopic progression per year of age; p = 0.052; 95% CI: 0.000-0.089). Fig. 4 shows box plots indicating the slight upward tendency toward less annual progression with greater age. More exophoria at near was associated with increased myopia progression, although the coefficient was small in magnitude (b = À0.004 D more myopic progression per pd of exophoria; p = 0.046; 95% CI: 0.000 to 0.008); i.e., more esophoria at near was slightly protective against myopia progression. The annual myopia progression rate was greater in girls compared to boys (b = À0.061 D more progression in girls; p = 0.045; 95% CI: À0.120 to À0.002).
Using the ''Lag After'' definition of accommodative lag, 572 children contributed data at 1367 observations. Their mean annual change in myopia (±SD) was À0.46 ± 0.32 D, and their mean lag of accommodation (±SD) was 1.59 ± 0.64 D (range: lag of 0.24 D to lag of 4.64 D; Fig. 5 ). ''Lag After'' was not associated with annual myopia progression (b = 0.025; p = 0.12; 95% CI: À0.007 to 0.056). Fig. 6 shows box plots indicating the lack of association between the annual amount of progression and the amount of accommodative lag at the end of a one-year progression interval.
In the ''Lag After'' model, older age was not associated with a decreased annual change in myopia (b = 0.021 D in the direction of less myopia progression per year of age; p = 0.27; 95% CI: À0.016 to 0.058). More exophoria at near was again associated with slightly increased myopia progression, (b = À0.005 D more progression per pd of exophoria; p = 0.01; 95% CI: 0.001 to 0.009). Girls had an annual progression rate that was greater than boys (b = À0.080 D more progression in girls; p = 0.003; 95% CI: À0.132 to À0.028).
Models for both ''Lag Before'' and ''Lag After'' were built to examine any interaction between near work and accommodative lag (i.e., whether having a higher accommodative lag was related to greater myopia progression for a child who performs more near work). There was no interaction between near work (diopterhours) and accommodative lag, and there was no effect of near work on myopia progression (all p > 0.05; data not shown). Models Table 1 Number of years of myopia progression data contributed by children wearing refractive correction for the ''Lag Before'' and the ''Lag After'' definitions of accommodative lag. Minor differences between the numbers of children contributing data to the ''Lag Before'' and ''Lag After'' model were due to differences between the year of myopia onset and the year that the child first wore correction, not wearing correction to every myopic visit, or missed visits. were also used to investigate whether the amount of myopia at the beginning of each year of observed myopia progression interacted with accommodative lag (i.e., whether a higher accommodative lag was related to more myopia progression in children with higher compared to lower amounts of myopia). No interactions were found, and no effect of refractive error at the beginning of a year of progression on myopia progression was found (all p > 0.05; data not shown). All analyses presented above were performed using accommodative lag data that were corrected to account for the change in autorefractors in 2001 (as noted in the methods section). For completeness, the analyses were repeated using the uncorrected lag data. Using the uncorrected accommodative lag data, accommodative lag was still not associated with increased myopia progression (data not shown).
Discussion
Although previously reported CLEERE Study results indicated that accommodative lag was not elevated in children who become myopic until the year after myopia onset (Mutti et al., 2006) , the CLEERE dataset had not been used prior to this report to investigate whether the elevated lag of accommodation observed after myopia onset was related to the annual rate of myopia progression.
In the present analyses, accommodative lag by either definition was not associated with juvenile-onset myopia progression. The 
Annual Progression (D)
Age (years) Fig. 4 . Box plots of the annual change in spherical equivalent refractive error by age in years. (Note: Children with more than 1 year of progression data are included in more than one age bin.) Upper and lower box boundaries represent the 75th and 25th percentiles, respectively. Within each box, the horizontal line represents the median, and the asterisk represents the mean. The upper and lower whiskers mark the most extreme observations within 1.5 interquartile range units above the 75th and below the 25th percentile, respectively, and square symbols represent those observations falling outside of this range.
95% confidence intervals for lag at the beginning and at the end of a year of progression were clustered tightly around zero, which demonstrates that the sample size was more than ample to detect a clinically meaningful association if one existed. The most negative coefficient from the 95% confidence intervals for lag was from the ''Lag Before'' model. The mean yearly increase in myopia of À0.42 D found in the ''Lag Before'' sample is close to the typically observed progression rate of À0.50 D per year (Fulk, Cyert, & Parker, 2000; Gwiazda et al., 2003) . If the most negative coefficient from the 95% confidence intervals (À0.032) were the true lag value, the mean accommodative lag ( Because this is a negative result, we evaluated whether accommodative lag measurement error could have masked a meaningful relationship between lag and myopia progression. In a simple regression (i.e., one predictor and one outcome), the more error there is in the predictor (i.e., accommodative lag), the closer the estimated slope gets to zero, which is referred to as regression dilution (Frost & Thompson, 2000) . We assessed the effect of regression dilution on our slope estimate for the relationship between lag and myopia progression using the intraclass correlation coefficient (ICC) of accommodative lag. An unbiased estimate of the true slope can be determined by multiplying the estimate of the slope from a simple regression by the inverse of the ICC (Frost & Thompson, 2000) . Accommodative lag at each visit was an average of five measurements, and each set of five measurements was used to calculate the ICC for the accommodative lag measurement. The ICC estimate of 0.73 was used to correct the estimated slope from a simple regression of myopia progression on accommodative lag. The simple regression of myopia progression on accommodative lag (which controls for no covariates, unlike the analyses in the Results) was not statistically significant (b = À0.021 D progression per D of lag; 95% CI: À0.063 to 0.020). After correction, the unbiased slope (À0.021 Â 0. 73 À1 ) is À0.030 D progression per D of lag (95% CI: À0.087 to 0.026), which was still not statistically significant. Based on this theoretical analysis, the absence of any relationship between accommodative lag and myopia progression was not due to measurement error.
This absence of an association between accommodative lag and juvenile-onset myopia progression is consistent with the results presented by Weizhong et al. (2008) , which is the only published longitudinal report in children that examined the association between accommodative lag and myopia progression. They followed 62 Chinese myopic 7-to 13-year-old children for 1 year and found no correlation between either the initial accommodative lag and myopia progression or the average of the initial and final accommodative lag and myopia progression. Advantages of this CLEERE analysis are that the sample size is nearly 10 times that of Weizhong et al. and includes many subjects with more than 1 year of data. Contrary to these results in children, Allen and O'Leary (2006) reported an association between higher accommodative lag and faster myopia progression in adults 18-22 years old (R 2 = 0.13). Based on closer examination of their myopia progression and accommodative lag data for the 35 adults in Fig. 3 of their manuscript, it is possible that the result was influenced by one outlier with both the largest lag and the greatest progression (Allen & O'Leary, 2006) . Rosenfield et al. found a significant relationship between accommodative lag and myopia progression (R 2 = 0.25) in adults age 21-27 years; however, their subjects with the greatest myopia progression had the lowest accommodative lag (Rosenfield et al., 2002) . This result contradicts the conventional hypothesis that hyperopic foveal blur causes myopia progression.
One might ask whether a child must do more near work for accommodative lag to affect myopia progression. We found that the amount of near work that a child performs had no influence on the lack of relationship between accommodative lag and the rate of myopia progression (i.e., no interaction between lag and near work). These data indicate that environmental influences do not interact with accommodative lag to accelerate myopia progression and suggest that accommodative lag may be the result of myopia development, rather than its cause (Mutti et al., 2006) .
The circumstances under which children in this study wore their refractive correction were ''real world,'' and it is not known whether children wore their correction full time. If a child did not always wear his or her correction, accommodative lag when performing near work would be expected to be less than the lag that we measured with full correction. Though we have no way of knowing whether children removed their correction when reading or during other activities, reduced lag when not wearing correction that is randomly distributed across all refractive errors could attenuate the estimated relationship between lag and myopia progression. It is more likely that children with more myopia wore their correction full time. If this was true, one might expect progression to be related to lag in higher myopes, whereas progression in lower myopes with less or inconsistent exposure to lag due to part-time correction might not. This difference should be detectable as a significant interaction between refractive error and lag (i.e., accommodative lag would be more important in myopia progression when children have higher amounts of myopia). Our analysis of this issue found no such interaction. Refractive error at the visit before each yearly progression interval was also not related to annual myopia progression. Despite this finding, the level of refractive error can be important in the management of a myopic child; the amount of myopia has been reported as an important factor in determining whether children wearing progressive addition lenses (PALs) experience a significant reduction in myopia progression (Gwiazda et al., 2004) . Factors that influenced the rate of myopia progression in our study were older age, which slowed progression (''Lag Before'' model), and female gender, which was associated with faster progression. Clinical trials designed to slow the progression of myopia using bifocal spectacles have found either modest or non-significant treatment effects (Edwards, Li, Lam, Lew, & Yu, 2002; Fulk et al., 2000; Gwiazda et al., 2003; Hasebe et al., 2008) . The permanence of the bifocal treatment effect, and therefore the role of accommodative lag in myopia progression, are still unknown. While the Correction of Myopia Evaluation Trial (COMET) found a statistically significant PAL treatment effect of 0.20 D after 3 years (Gwiazda et al., 2003) , the PAL treatment effect after 5 years (0.13 D) was not statistically significant (Gwiazda et al., 2006) . A study in which myopic children wearing single vision lenses were undercorrected, creating myopic retinal blur at distance and optically resulting in an add for near vision tasks, resulted in an unexpected statistically significant acceleration in myopia progression of À0.23 D over 2 years compared to children wearing full correction (Chung, Mohidin, & O'Leary, 2002) . A subsequent 18-month undercorrection study did not find a statistically significant difference in myopia progression for undercorrected children compared to fullycorrected children (Adler & Millodot, 2006) . Our finding of no relationship between accommodative lag and myopia progression seems in agreement with these small, transient, and inconsistent effects. Based on our results, if accommodative lag does contribute to myopia progression, the contribution appears to be very small and not clinically meaningful for myopic children in general.
Correction of accommodative lag may be more relevant to subgroups of myopic children. There is evidence from COMET that PALs are more effective when children have a high lag of accommodation (Gwiazda et al., 2003) , especially when the child also has near esophoria and low myopia (Gwiazda et al., 2004) . Although the subgroup of COMET children with both high lag of accommodation and near esophoria had the greatest three-year PAL treatment effect (0.64 D), the five-year PAL treatment effect was reduced to 0.49 D in these same children (Gwiazda et al., 2004 (Gwiazda et al., , 2006 . The results of COMET2 will shed more light on the effects of PALs, phoria, and accommodative lag on myopia progression in this subgroup of myopic children (ClinicalTrials.gov Identifier: NCT00320593).
The temporal and cognitive effects of accommodative lag were not investigated in this study nor was the effect of monocular versus binocular accommodative testing. Previous research indicates that extended near work would, at most, slightly reduce the amount of accommodative lag, making it unlikely that temporal aspects of accommodative lag influenced the outcome of this study. Studies have reported either no change in accommodative lag after 30 min of reading in adults (Shapiro, Kelly, & Howland, 2005) or a slight decrease in accommodative lag of about 0.25 D after 20 min of watching cartoons in myopic children (Sreenivasan, Irving, & Bobier, 2009 ) and emmetropic adults (Sreenivasan, Irving, & Bobier, 2008) . Similarly, more cognitively intense near activities would, at most, be expected to slightly reduce the amount of accommodative lag measured compared to the task of keeping letters clear used in the present study (Kruger, 1980; Winn, Gilmartin, Mortimer, & Edwards, 1991) .
We also did not evaluate accommodative lag binocularly in CLE-ERE; however, previous research has shown that the difference between binocular and monocular accommodative lag is minimal. In emmetropic adults, emmetropic children, and myopic children, monocular conditions either resulted in no significant change in accommodative lag or in a slight increase in accommodative lag of up to 0.25 D compared to binocular viewing conditions (Seidel, Gray, & Heron, 2005; Sreenivasan et al., 2008 Sreenivasan et al., , 2009 . Although the accommodative testing conditions in CLEERE may have slightly increased the amount of accommodative lag, this should only have enhanced our ability to detect a relationship between lag and the progression of myopia.
The lag data presented here were measured using a Badal target rather than a real-space target. Although a study of adolescents and young adults found no difference between accommodation to Badal targets and real targets (Stark & Atchison, 1994) , most studies have reported that children accommodate less accurately to minus-lens induced blur (Anderson, Glasser, Stuebing, & Manny, 2009; Chen & O'Leary, 2000; Gwiazda et al., 1993) and Badal targets (Mutti et al., 2006) than to real targets. CLEERE measured accommodative lag monocularly using both the 4-D Badal target reported in these analyses and a 4-D real-space target, and our data show that the Badal target resulted in accommodative lag values in myopic children that were generally about 0.10 D greater than with the real target (a difference that is slightly less than 10% of the average lag measured with the two targets) (Mutti et al., 2006) . Testing with a real target would have most likely resulted in more accurate accommodation to the target; however, the Badal target was chosen for these analyses because it performed better than the 4-D real target at consistently detecting the elevation in lag found in myopic versus emmetropic children. Although there is no way to know what a child's accommodative lag was at times other than the study visit, which is true of any clinical measurement, it is reassuring that the 4-D Badal stimulus detects the greater lag found in myopic versus emmetropic children and the increase in lag associated with the onset of myopia.
Surprisingly, although the effect size was not clinically meaningful, exophoria at near was associated with myopia progression. In the model with ''Lag Before,'' each prism diopter of exophoria at near was associated with À0.004 D more myopic progression. If a child had 10 prism diopters of exophoria at near, it would only account for À0.04 D of his or her annual progression of myopia. This finding is contrary to the commonly held view that esophoria is associated with more rapid myopia progression (Fulk, Cyert, & Parker, 2002; Fulk et al., 2000; Goss, 1990; Goss & Jackson, 1996; Gwiazda et al., 2004) . When considered in a clinical context, this association is inconsequential.
The absence of any association between accommodative lag and annual juvenile-onset myopia progression leads to speculation as to what might underlie the small bifocal treatment effects that have been reported (Edwards et al., 2002; Fulk et al., 2002; Gwiazda et al., 2003; Hasebe et al., 2008) . One proposed alternate theory is that ocular mechanical factors may restrict growth of the equator and result in axial elongation in children at risk for myopia due to factors that produce a larger than normal eye size (Mutti et al., 2006) . In this model, ciliary-choroidal tension increases as the eye grows until it reaches a limit and prevents further equatorial expansion of the globe and compensatory changes in crystalline lens power. When equatorial expansion is halted, there is accelerated axial growth and myopia development. This could explain observations in myopic subjects such as increased ciliary body thickness (Bailey, Sinnott, & Mutti, 2008) , reduced accommodative response (Abbott et al., 1998; Bullimore et al., 1992; Gwiazda et al., 1993; McBrien & Millodot, 1986) , and an increase in the relatively prolate shape of the globe (Atchison, Pritchard, & Schmid, 2006; Atchison et al., 2005; Logan, Gilmartin, Wildsoet, & Dunne, 2004; Millodot, 1981; Mutti et al., 2007; Seidemann, Schaeffel, Guirao, Lopez-Gil, & Artal, 2002) . Chronic reduction of accommodative response when wearing a bifocal could reduce ciliary-choroidal tension leading to a small reduction in myopia progression.
Another recent theory of myopia progression in children is that peripheral retinal defocus affects eye growth and may play an important role in determining refractive error, even if central retinal images are in focus (Smith, Hung, & Huang, 2009) . By decreasing the amount of accommodative lag during near work, bifocal spectacles may also decrease the amount of peripheral hyperopic retinal defocus resulting in a reduced rate of myopia progression. This hypothesis could explain the recent, positive results of pilot studies of rigid, corneal reshaping lenses worn overnight to control myopia progression because increased spherical aberration may decrease the amount of peripheral hyperopic retinal defocus (Cho, Cheung, & Edwards, 2005; Walline, Jones, & Sinnott, 2009 ). More research is needed on the effect of peripheral defocus on myopia progression in children. Based on the current analysis, hypotheses other than high accommodative lag at the fovea warrant exploration as explanations for juvenile-onset myopia progression.
